The effect of oral administration of partially hydrolyzed water-soluble corn husk arabinoxylan (CHAX), the average molecular weight of which is about 53 kDa, on immunopotentiating activity was investigated in mice. Oral administration of CHAX to healthy mice significantly augmented the production of interleukin (IL)-2 and interferon (IFN)-with a slight increase in IL-4 in mitogen-induced proliferation of spleen cells. Natural killer (NK) cell activity in spleen cells from mice, which were transplanted tumor and administrated CHAX, was augmented about 2-fold. In model mice of atopic dermatitis, the average ear thickness of mice administrated CHAX was induced by dinitrophenylfluorobenzene (DNFB) after injection of an anti-dinitrophenyl (DNP)-IgE monoclonal antibody was much smaller than that in control animals. These results suggest that CHAX has the ability to increase the level of immunopotentiating activity without causing over response of immunological reaction even if it is administrated orally to mice.
Arabinoxylan, which is found extensively in waterinsoluble form in the husks of cereal seeds, such as the seeds of corn, wheat, barley, oats, rye, and rice, has been shown to have various useful physiological functions in the prevention of lifestyle-related diseases and diseases caused by aging. [1] [2] [3] [4] The structure of arabinoxylans has been suggested to have a backbone of xylose residues with beta-(1,4) linkages branched mainly through alpha-(1,3) arobinofranosyl residue. 1, 3) We have found some beneficial physiological properties of water-insoluble and water-soluble corn husk arabinoxylan, including stimulation of bowel movement to improve constipation with a simultaneous improvement in microbial flora in the large intestine, adsorption of mutagens in foods, reduction of blood sugar level, regulation of insulin sensitivity, an inhibitory effect on elevation of cholesterol levels in serum and liver, improvement in liver function, and prevention of fatty liver caused by excessive ethanol intake. [5] [6] [7] On the other hand, there are numerous reports on the immuno-enhancing functions of beta-1,3-and 1,6-glucan, which are glucosyl homo-polymers and fibers like arabinoxylan, for humans and animals. [8] [9] [10] [11] Betaglucans, such as krestin, lentinan, and shizophilan, have been used as antitumor agents in Japan. Natural killer (NK) cells play an important role in immune responses such as antitumor immunity by producing INF-as well as exhibiting a cytotoxic function. 12, 13) Results of current studies suggest that these polysaccharides induce a primed state of phagocyte or NK cell complement receptor 3 that can trigger killing of iC3b-target cells, and the function of NK cells is therefore potentiated by glucans. [14] [15] [16] Recently, Ghoneum et al. reported that arabinoxylan from rice bran, about 3-5 kDa in molecular weight, that was enzymatically modified with extract from Hyphomycetes mycelia enhances anti-HIV activity without showing any notable side effects. 17) They also found that the arabinoxylan from rice bran has a potent ability to activate human NK cell function in vivo and in vitro. 18) CHAX is found in canned corn solution in small amounts and has been prepared from corn husk on an industrial scale in Japan as water-soluble fiber. In this study, the effects of oral administration of CHAX on immunological functions were investigated in mice to develop novel functional foodstuffs to enhance immune responses.
Materials and Methods
Mice. 5-week-old female SPF mice (C3H/Hej), sixweek-old male BALB/c mice and 4-week-old female BALB/c mice were obtained from Nippon Clea (Tokyo, Japan). They were fed a sterilized commercial diet (Nippon Clea) and kept in a room with temperature maintained at 26 AE 1 C and humidity maintained at 55 AE 5% under a 12-h light cycle for 1 week to accommodate them to the experimental conditions y To whom correspondence should be addressed. Fax: +81-545-53-2986; E-mail: koichi.ogawa@nisshoku.co.jp Abbreviations: CHAX, corn husk arabinoxylan; IL-2, interleukin-2; IL-4, interleukin-4; IFN-, interferon-; NK, natural killer before starting the work. Feed and distilled water were available ad libitum. The experiments were done under the control of the guidelines for Animal Experiments in the Law (No. 105) and Notification (No. 6) of the Japanese government.
Antibody and reagents. Fungus xylanase (Pectinase GL) was purchased from Amano Enzymes (Nagoya, Japan). FCS and RPMI-1640 medium were obtained from Gibco Laboratories (Grand Island, NY, U.S.A.). Trypan blue, concanavalin A (ConA), lipopolysaccharide (LPS; E. coli 017: B8) were obtained from Kanto Kagaku (Tokyo, Japan), Sigma Chemical (St. Louis, USA), and Difco Laboratories (Michigan, U.S.A.), respectively. The concentrations of IL-2, IL-4, IFNand TNF-were determined using a Cytoscreen Kit (Biosource International, California, U.S.A.). Monoclonal antibody L3T4, LYT-2, THY1.2, and NK1.1 were obtained from BD PharMigen (NJ, U.S.A.). Antidinitrophenyl (DNP)-IgE monoclonal antibody (PCA titer 2560) and dinitrophenyl fluorobenzene (DNFB) were purchased from Seikagaku Kogyo (Tokyo, Japan) and Nacalai Tesque (Tokyo, Japan) respectively.
Preparation of CHAX.
A suspension of corn husk (about 10%, w/v, 4 m 3 , a product of Nihon Shokuhin Kako, Japan) was washed with an excess volume of fresh water to remove starch, protein, oily materials, and other impurities. Then the suspension of washed corn husk was heated at 97 C for about 2 h in the presence of 0.9% (w/v) of Ca(OH) 2 , and this was followed by neutralization with conc. H 2 SO 4 to about pH 7.5. The viscous suspension containing water-soluble arabinoxylan was incubated with 37 Â 10 4 units (U) of crude bacterial xylanase (Cellzyme, Nihon Shokuhin Kako) from culture filtrate of an alkalophilic Bacillus sp. After 20 h, the reaction mixture was added to 28 Â 10 4 U of a fungus xylanase (Pectinase GL) and incubated at about pH 4.5 for about 6 h. After removing insoluble materials with a filter press, the filtrate were deodorized and decolorized by active charcoal by keeping at 60 C for 1 h and then successive passages through columns of ion exchange resins (strong acid type cation and weak base type anion). After the second treatment with active charcoal to remove colored and odorous materials, CHAX in the solution obtained by this procedure was dried to about 3% (w/w) of moisture by spray drying. The yield of CHAX was 30 kg. Bacterial xylanase activity was determined with xylan as a substrate at pH 7.0 and 40 C by the method of Honda et al.
19)
Preparation of spleen cells and quantitative determination of cytokines. Twelve 5-week-old female SPF mice (C3H/Hej) were divided into two groups of 6 mice each, and each mouse in one group was forcibly fed 50 mg/kg body weight per day of CHAX with a stomach probe. The forced feeding was continued for 28 d in a room with controlled temperature and humidity and a 12-h light cycle, and food and water were freely available. Distilled water was used instead of CHAX for the other group as a control group. Body weight was measured once a week. Other general symptoms, intake of feed, and intake of water were checked every day at 9:00-10:00 am. After anaesthetizing each mouse with nembutal, blood was taken from an abdominal vein and the spleen was obtained aseptically. Each spleen was soaked in 2 ml of RPMI-1640 medium containing 5% (v/v) FCS, then the single cell suspension was prepared by gently squeezing it between two glass slides, and passed through a 40-mesh stainless steel screen. Single cells were collected by centrifugation at 1,600 rpm for 5 min at 5 C. After suspending the cells again in the same medium and staining with 0.04% (w/v) trypan blue, the number of living cells was measured microscopically.
To determine the productivity of cytokines, single cells from spleens were resuspended in 1 ml of the same medium containing 10% (v/v) FCS and 5 mg/ml of Con A to a concentration of 2 Â 10 6 /ml in 24-well flatbottomed plates and cultivated at 37 C for 24 h in an incubator filled with 5% (v/v) CO 2 gas. After cultivation, the cells were removed by passing through a 0.45 mm membrane filter, and the concentrations of IL-2, IL-4 and IFN-in the filtrate were determined by a sandwich enzyme-linked immunosorbent assay (ELISA) using a Cytoscreen Kit.
To determine the population of immunocytes in the blood and spleen after administration of CHAX, it was compared with those in the blood and spleen of control mice given distilled water. The cells from blood or spleen was suspended in a concentration of 1 Â 10 7 /ml with each monoclonal antibody L3T4, LYT-2, THY1.2 and NK1 (0.25 mg/0.25 ml), and each mixture was incubated at 4 C for 20 min. After incubation, each cell suspension was washed by centrifugation with sterile phosphate-buffered saline (PBS) twice and suspended with 0.4 ml of PBS. The number of positive cells in the blood or spleen was measured by flow cytometory (OTHO flow cytometer; Tokyo, Japan). NK+, CD3+, CD4+CD8-, and CD4-CD8+ cell ratios were expressed as a percentage of 10,000 cells of blood and spleen.
In vivo assessment of tumor growth. A colon 26 tumor was generated in BALB/c mice by administration of Nmethyl N-nitroso-urethan into the rectum at the Material Research Center (Tokyo, Japan), and part of the tumor was obtained aseptically and teased in 20 ml of sterilized saline solution. The precipitate after centrifugation for 5 min at 700 rpm was suspended again in 5 ml of the sterilized saline solution, and then 0.1 ml of the suspension (1 Â 10 5 cells/0.1 ml), in which the number of tumor cells was determined microscopically after staining with 0.04% (w/v) trypan blue, was transplanted by hypodermic injection into the abdomen of six-weekold male BALB/c mice. From the day after trans-plantation, 10 mice were forcibly fed CHAX at 50 mg/ kg body weight/d by oral administration. Distilled water was used instead of CHAX in the control group (n ¼ 10). After 7, 14 and 21 d, the volume of the tumor was calculated by the following formula:
Volume of tumor (mm 3 )
¼ length of the long part (mm)
Â length of the short part (mm) 2 Â 0:4
Determination of NK cell activity and productivity of cytokines in spleen cells of mice with tumors. Spleens from mice with colon 26 tumors after 21 d of CHAX and distilled water feeding were obtained aseptically, each spleen was soaked in 5 ml of RPMI-1640 medium containing 10% (v/v) FCS, and then the single cell suspension was prepared by gently squeezing it between two glass slides, and passed through a 40-mesh stainless steel screen. The single cells were collected by centrifugation at 1,600 rpm for 5 min at 5 C. After suspending the cells again in the same medium and staining them with 0.04% (w/v) trypan blue, the number of living cells was measured microscopically. Determination of NK cell activity from spleen cells against YAC-1, a mouse lymphoma derived form A/Sn (Dainippon Pharmaceutical, Tokyo, Japan), was based on the method of Ghoneum et al. 20) Cultured YAC-1 cells (5 Â 10 6 ) were labeled with 100 mCi of sodium-51 chromate solution for 1 h in 1 ml of RPMI-1640 medium containing 10% (v/v) FCS. After washing three times in 5 ml of the same medium, 0.1 ml of 1 Â 10 4 51 Cr-labeled target cells were pipetted into a 96-well micro plate. Then washed effecter cells from spleen were added into the wells to give an effector: target cell ratio of 50:1. Following 4 h incubation at 37 C, 0.1 ml of supernatant from each well was collected and the amount of 51 Cr was counted in a gamma counter. The percentage of isotope released was calculated by the following formula: To determine the productivity of cytokines, single cells from spleens were resuspended in 1 ml of RPMI-1640 medium containing 10% (v/v) FCS, 10 mg/ml of Con A, and 10 mg/ml of LPS to a concentration of 2 Â 10 6 /ml in 24-well flat-bottomed plates and cultivated at 37 C for 48 h in an incubator filled with 5% (v/v) CO 2 gas. After cultivation, the cells were removed by pressing through a 0.45 mm membrane filter, and the concentrations of IL-2, IFN-, and TNF-in the filtrate were determined by ELISA using a Cytoscreen Kit.
In vivo reduction of severity of skin symptoms. After administering 50 mg/kg of body weight/d of CHAX to 4-week-old female BALB/c mice (each group, n ¼ 6) for 21 d under the same conditions as those described in Table 2 , 0.5 ml of an anti-DNP-IgE monoclonal antibody (PCA titer 2560) was given by intravenous injection through the mouse tail. Statistical analysis. The statistical difference from the control value was analyzed by Student's t-test.
Results and Discussion
Preparation of CHAX The composition of dried preparation (CHAX) including sugar components is shown in Table 1 . The CHAX extracted from corn husk was a polysaccharides containing mainly D-xylose and D-arabinose. The average molecular weight of the saccharides was determined to be about 53 kDa calculated from the data of molecular mass and differential weight fraction, as shown in Fig. 1 . 
Augmentation of production of IL-2 and INF-and the cell ratios of immunocytes in blood and spleen of healthy mice after feeding of CHAX
No changes in body weight ( Table 2) or intake of feed and water or other abnormal symptoms were observed during the period of CHAX administration, and no abnormal changes in organs caused by the administration of CHAX were observed by pathological examination (data not shown). As shown in Table 3 , the ratios of NK+, CD3+, CD4+CD8À and CD4-CD8+, cells in the spleen and blood after administration of CHAX under conditions of no stress were almost the same as those in the control group. On the other hand, stimulation of splenocytes with Con A resulted in at least a 2.5-fold increase in the amounts of IL-2 and INFproduced (p < 0:01) and a slight concomitant increase in IL-4 (Fig. 2) .
No significant changes in the population of immunocytes in the blood and spleen compared with those in the control group were found because the administration of CHAX to healthy mice was performed without antigenecity or invasive stresses. Despite this fact, the production of IL-2 and IFN-, induced by stimulation of spleen cells with ConA, was remarkably augmented by CHAX. Aliquots were analyzed by HPLC using a Shodex OHpack SB 806M HQ column (Showa Denko, Japan), and elution was effected with 0.1 M Na nitrate at 1.0 ml/min at 40 C. The elution was detected with an 18-angle light scattering detector DAWN EOS (Wyatt Technology, CA, U.S.A.). Twelve 5-week-old female SPF mice (C3H/Hej) were divided into two groups of six mice each, and each mouse in one group was forcibly fed 50 mg/kg body weight per d of CHAX with a stomach probe. The forced feeding was continued for 28 d in a room with controlled temperature and humidity and a 12-h light cycle, and food and water were freely available. Distilled water was used instead of CHAX for the other group as a control group. Body weight was measured once a week. Spleen cells (1 Â 10 7 /ml) from healthy mice administrated CHAX or distilled water for 28 d were cultured and suspended with each monoclonal antibody (0.25 mg/ 0.25 ml), and each mixture was incubated at 4 C for 20 min. After incubation, each cell suspension was washed by centrifugation with PBS twice and suspended with 0.4 ml of PBS. The number of positive cells in the blood or spleen was measured by flow cytometory. NK+, CD3+, CD4+CD8À, and CD4-CD8+ cell ratios were expressed as a percentage of the 10,000 cells of blood and spleen.
Effect on tumor growth and production of cytokines by CHAX
The effect of oral administration of CHAX on tumor growth was examined in mice with colon 26 tumors. No significant differences between body weights (Table 4) or between intakes of feed and water in the two groups were found during the period of administration, and no abnormal changes in organs caused by CHAX were observed by pathological examination (data not shown). At 7 d after the transplantation of tumor cells, elevated tumors and a decline in body temperature and in movement were observed. Although a comparison of tumor volume between the group administered CHAX and the control group showed no significant differences, tumor volumes in the group administered CHAX were smaller than those of the control group in the early stage after transplantation (Fig. 3) . NK cell activity in the spleen cells from mice with colon 26 after 21 days of CHAX feeding was augmented about a 2-fold, and the stimulation of splenocytes with Con A and LPS resulted in an increase of 1.3-fold in the amounts of IL-2 and INF-produced (p < 0:01) and a slight concomitant increase in TNF- (Table 5) .
T helper (Th) 1 and 2 cells play important roles in the human immune system. Th1 cells promote cell-mediated immunity such as antitumor immunity through production of IL-12 and INF-. 12, 13) NK cells exhibit cytotoxity against certain tumor cells and virus-infected cells and are activated by IFN-and IL-2. 13) In this study, NK activity and the production of IL-2 and IFN-in spleen cells from mice with tumor were significantly stimulated by oral administration of CHAX with a slight simultaneous augmentation in TNF-production. To determine the productivity of cytokines, single spleen cell (2 Â 10 6 /well) from healthy mice administrated CHAX or distilled water for 28 d (described in Table 2 ) were cultured with 5 mg/ml of Concanavalin A at 37 C for 24 h in an incubator filled with 5% (v/v) CO 2 gas. After cultivation, the cells were removed by pressing through a 0.45 mm membrane filter, and the concentrations of IL-2, IL-4, and IFN-in the filtrate were determined using a Cytoscreen Kit. Values are mean AE SD. Asterisks indicate significant from the control (**p < 0:01). 
Effect of CHAX on atopic dermatitis
The effect of oral administration of CHAX on atopic dermatitis was examined in mice. In this model, biphasic skin reactions with peak responses at 1 h and 24 h were induced by intravenous injection of a monoclonal anti-DNP-IgE antibody, and this reaction was IgE dependant and strain non-specific. 21 ) During 21 d of administration, there were no changes in intakes of feed and water in either group, though a slight suppression of body weight gain was observed in the group administered CHAX (Table 6) . No abnormal general symptoms of organs were observed. Just after the application of the mixture containing DNFB, although hypertrophy of the tail vein, flaring of feet, and apparent itching were observed in all mice. The average thickness of ears in the group administered CHAX at 1 and 24 h after application of the mixture containing DNFB was significantly smaller (p < 0:01) than that in the control experiment (Fig. 4) . The experimental system for atopic dermatitis used in this work is a model of the IgE-dependent skin reaction. Generally, hyperplasia of the ear occurs due to infiltration of inflammatory cells caused by the release of various chemical mediators induced by the binding of IgE antibody with the Fc receptor of mast cells in tissues. Allergic reactions such as atopic dermatitis are thought to be mediated by Th2-type immunity. 22) Hikita et al. found that the cytokine production pattern of inflammatory cells in lesional skin tissue of DS-Nh mice was shifted to Th2 type (IL-4) rather than to the Th1 type (IFN-). 23) Since the enhancement of IL-4 production by the administration of CHAX was relatively small compared with that of IL-2 or IFN-, it was thought that the cutaneous inflammation might be reduced. Thus the anti-inflammatory action of CHAX is attributed to activation of an INF-dependant T helper 1-like immune response in mice.
Conclusions
These physiological properties of CHAX suggest a broad range of potential therapeutic applications. As a dietary fiber supplement, CHAX has several beneficial properties, including not only the ability to increase the activity level of NK cells and the augmentation of IL-2 and INF-production, but also the ability to reduce the symptoms of atopic dermatitis in mice. The fact of no significant changes in the population of immunocytes caused by oral administration of CHAX to healthy mice indicates that it has no antigenecity or invasive stresses. Our results indicate that CHAX has anti-inflammatory action through activation of an INF-dependant T helper 1-like immune response in mice. Since most present diets are deficient in dietary fiber, the enhancement of immune activity by oral intake of CHAX suggests an advantage of this unique saccharide as a dietary fiber. Spleens from mice with colon 26 tumors after 21 d of CHAX and distilled water feeding was obtained aseptically, and single spleen cells was prepared.
To determine NK cell activity from spleen cells against YAC-1 target cells, cultured YAC-1 cells (5 Â 10 6 ) were labeled with 100 mCi of sodium-51 chromate solution for 1 h in 1 ml of RPMI-1640 medium containing 10% (v/ v) FCS. After washing three times in 5 ml of the same medium, 0.1 ml of 1 Â 104 51 Cr-labeled target cells were pipetted into a 96-well micro plate. Then washed effecter cells from spleen were added into the wells to give an effector: target cell ratio of 50:1. Following 4 h incubation at 37 C, 0.1 ml of supernatant from each well was collected and the amount of 51 Cr was counted in a gamma counter. To determine the productivity of cytokines, the spleen cells (2 Â 10 6 /well) from mice transplanted tumor after 21 d were cultured with 10 mg/ml of Con A and 10 mg/ml of LPS at 37 C for 48 h. After cultivation, the concentrations of IL-2, IFN-, and TNF-in the filtrate were determined using a Cytoscreen Kit. Values are mean AE SD. Asterisks indicate from significant the control (**p < 0:01). Four-week-old female BALB/c mice were divided into two groups of six mice each, and each mouse in one group was forcibly fed 50 mg/kg body weight per d of CHAX with a stomach probe. The forced feeding was continued for 21 d under the same conditions as those described in Table 2 . Body weight was measured once a week. After 21 d administration, the mice were injected with an anti-dinitrophenyl-IgE monoclonal antibody. 
